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数值计算部分包括：（1）模拟出 D型少模光纤 Bragg 光栅各传输模式的耦合
系数及其随入射波长的变化关系。（2）模拟出圆型光栅、D型光栅和深度腐蚀后
的D型光栅Bragg波长随包层厚度以及外界折射率的变化关系，并做了对比分析。
（3）模拟出深度腐蚀后的 D 型光栅的波导双折射随各参数的变化关系以及 D 型
光纤和圆型光纤的连接损耗问题。 
实验中我们用扫描电境（SEM）观测出不同腐蚀时间下 D 型光纤和圆型光纤
的截面厚度，得出光纤在 20％浓度 HF 酸下的腐蚀速度；分别测量了圆型和 D型
少模光纤 Bragg 光栅中心波长随外界折射率、温度的变化；分析了应变和温度在
































                       Abstract 
Based on presenting the characteristics, sensor principle and 
transmission speciality of Fiber Grating in brief, this thesis summarize 
the study actuality of refractive index sensor using Long Period Fiber 
Grating (LPG) and put forward our new refractive index measurement using 
Few-mode Fiber Bragg Grating (FBG). LPGs have severe cross-sensitivity, 
unstable transmission spectrum and lower precision; normal FBGs are 
insensitive to the Surrounding Refractive Index(SRI) and their mechanism 
intensity will get weak when corrupted very thin. The measurement using 
D-type Few-mode FBG brought forward will lift the sensitivity depend on 
deeper etching into core with stronger toughness.This thesis validate the 
feasibility of the scheme through a lot of simulation and experiments, 
and bring forward solution to the problems maybe occurred in the actual 
application. 
   The tasks of analog computation include : i) Simulating the coupling 
coefficients of D-type Few-mode FBG transmission modes and LP02  mode 
changing relation with work wavelength. ii)Simulating relations of the 
Bragg wavelengths changing with envelope thickness and SRI of normal, 
D-type and D-type with deep etching FBGs respectively and make contrastive 
analyses. iii)Simulating the wave-guide bi-refraction effect of D-type 
FBG with deep etching changing relation with several parameters and the 
splice loss issue between fiber and D-fiber.  
   In the experiment, we observe the section thickness of fiber and 
D-fiber under different etching times using Scan Electron Microscope(SEM) 
and get the etching velocity under HF with 20% concentration; measure 
Bragg wavelength of normal and D-type FBGs changing relations with SRI 
and temperature respectively; analyze the effect of the stress and 
temperature on the refractive index measurement of  FBGs. 
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格光栅FBG（Fiber Bragg Grating）、长周期光纤光栅LPG（Long Period Fiber 
Grating）、啁啾光栅(chirped fiber grating)、闪耀光栅(tilted fiber grating)、





























         
 
  
















图 1-1 光纤光栅的类型 a) FBG  b) LPFG c)啁啾























§1.2  光纤光栅传感机理 
光纤光栅的传感机制通常包括应变（strain）【6】引起的弹性形变（elastic 
distortion）和弹光效应（strain－optic effect），温度（temperature）【6】引起的热膨
胀效应（thermal expansion effect）和热光效应（thermo－optic effect），以及磁场
（magnetic field）【7】引起的Faraday效应。如表 1－1 所示。 
 
表 1－1 光纤光栅的传感原理 
测量参量 传感原理 参数 
温度 热膨胀引起光栅栅隔的变化；热光效应引
起光纤光栅折射率的变化 
热光系数： 50.68 10 on en Cα
−×∼ ff  
热膨胀系数： 60.55 10 oeffn Cα
−
Λ ×∼  
应力、应变 弹性形变导致光栅栅隔的变化；弹性光效
应引起光栅折射率的变化 
弹光张量： ，  11 0.113p ∼ 12 0.252p ∼
Poisson 比：  0.16v∼
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